Introduction
============

Tumor biology and host-related factors, such as performance status, weight loss, smoking, drinking, and comorbidity, play an important well-recognized role in the outcome of patients with cancer. It is clear that a genetic basis underlies cancer development and host inflammatory response to the tumor plays a key role in carcinogenesis, cancer development, progression, and metastasis. Colaprico et al[@b1-ott-10-363] showed interesting networks of pathways that could regulate target genes in breast cancer, including stem cell pluripotency, coagulation, and hypoxia pathways and microRNAs (miRNAs). Moreover, these networks could be potential biomarkers for diagnostic, prognostic, and therapeutic developments in breast cancer. Recent studies have demonstrated an association between the preoperative systemic inflammatory response (SIR) and a poorer postoperative survival, owing to its involvement in tumor development, cell survival, and angiogenesis that can lead to metastasis.[@b2-ott-10-363],[@b3-ott-10-363] Based on this, a number of inflammatory-based prognostic markers have been identified, such as the Glasgow Prognostic Score (GPS), modified GPS (mGPS), and Prognostic Nutritional Index (PNI), in esophageal cancer.[@b4-ott-10-363]--[@b6-ott-10-363] However, only a few studies have evaluated the utility of lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) for assessing the prognosis of patients with esophageal cancer.[@b7-ott-10-363]--[@b9-ott-10-363] Previous studies revealed that high LMR and NLR, and low PLR are the strong predictors of postoperative survival in several types of cancer.[@b7-ott-10-363]--[@b9-ott-10-363] In addition, these parameters are routinely measured by automated hematology analyzer in daily medical practice and are easily available and inexpensive, which is one of the major advantages of their clinical application. However, their prognostic significance in esophageal cancer has yet to be determined.[@b7-ott-10-363],[@b10-ott-10-363],[@b11-ott-10-363] Therefore, a prognostic scoring system that combines the ratios of all three inflammatory markers (ie, the inflammatory response biomarker \[IRB\] score) could more accurately predict survival in patients with esophageal cancers, including esophageal squamous cell carcinoma (SCC). Identification of those patients who are most at risk of developing postoperative recurrence is important because it facilitates the personalization of each patient's treatment plan according to the risk of recurrence.

In this study, we aimed to evaluate the prognostic significance of the IRB score in patients with esophageal SCC after curative resection.

Patients and methods
====================

Patients
--------

We retrospectively reviewed a database containing the medical records of 147 consecutive patients who underwent curative esophagectomy with R0 resection for histologically confirmed esophageal SCC between January 2006 and February 2015 at Shimane University Hospital (Shimane, Japan). R0 resection was defined as complete resection in the absence of microscopic resection margin involvement. Video-assisted or thoracoscopic subtotal esophagectomy with three-field lymph node dissection was performed in all patients, followed by laparoscopic gastric surgery. These procedures involved elevating the gastric conduit to the neck through a posterior mediastinal or retrosternal approach and end-to-end anastomosis of the remnant cervical esophagus and fundus of the gastric conduit.

The patients' clinicopathological features, laboratory data, and treatment strategies were collated from medical records. None of the patients exhibited preoperative clinical signs of infection or systemic inflammatory conditions. Cancer-specific survival (CSS) rates were evaluated with the cause of death determined from case notes or computerized clinical records.

Ethical approval
----------------

The retrospective design of this study was approved by the Ethical Review Board committee of Shimane University Faculty of Medicine (Shimane, Japan). Research was conducted in accordance with the 1964 Declaration of Helsinki and its later amendments. All study participants provided written informed consent.

Blood sample analysis
---------------------

Preoperative complete blood cell (CBC) counts were retrospectively extracted from patient medical records. Only patients for whom preoperative CBC and blood differential data were available were included in this study. All white blood cell (WBC) and differential counts were obtained within 1 week prior to surgery. CBC counts obtained from ethylenediaminetetraacetic acid-treated blood were analyzed using an XE-5000 Automated Hematology Analyzer (Tao Medical Electronics Co., Ltd., Kobe, Japan). Absolute lymphocyte, monocyte, and platelet counts were obtained from the CBC analysis.

Calculation of the LMR, NLR, and PLR
------------------------------------

The LMR was calculated by dividing the absolute lymphocyte count by the absolute monocyte count in a routine preoperative blood count. Analysis of the WBC count was performed in the general routine laboratory of our hospital. The NLR was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count in the differential WBC count. The PLR was calculated by dividing the absolute platelet count by the absolute lymphocyte count in the differential count.

Receiver operating characteristic curve analysis was used to determine the optimal cutoff values for the LMR, NLR, and PLR using the statistical software JMP (version 11 for Windows; SAS Institute, Cary, NC, USA). For the LMR, the area under the curve and the optimal cutoff value for the prediction of CSS were 0.69 and 4.0, respectively, with a sensitivity of 62.5% and a specificity of 71.3%. For the NLR, the area under the curve and the optimal cutoff value for the prediction of CSS were 0.58 and 1.6, respectively, with a sensitivity of 57.5% and a specificity of 66.3%. For the PLR, the area under the curve and the optimal cutoff value for the prediction of CSS were 0.65 and 147.0, respectively, with a sensitivity of 59.6% and a specificity of 68.4%. Measurements exceeding the optimal cutoff values were regarded as being high.

Calculation of the IRB score
----------------------------

The IRB score was determined as follows: a high LMR (\>4), a high NLR (\>1.6), and a low PLR (\<147), which were each scored as 1, with all remaining values scored as 0. The scores were added together to produce the IRB score (range: 0--3).

Staging
-------

The pathological classification of the primary tumor, the degree of lymph node involvement, and the presence or absence of organ metastasis were determined according to the TNM classification system.[@b12-ott-10-363]

Statistical analyses
--------------------

Mean and standard deviation were calculated, and differences between the study groups were evaluated using the Student's *t*-test. Differences between the clinicopathological features were analyzed using a chi-square test. CSS rates were calculated using the Kaplan--Meier method, and differences were assessed using the log-rank test. Prognostic factors associated with a shorter CSS rate were identified using Cox regression analyses.

Univariate analyses were performed to identify variables associated with CSS. Potential prognostic factors of esophageal cancer included age (\<70 vs ≥70 years), gender (female vs male), pathological TNM stage (I--II vs III), tumor size (\<3 vs ≥3 cm), operation time (\<600 vs ≥600 min), intraoperative blood loss (\<500 vs ≥500 mL), LMR (\<4 vs ≥4), NLR (\<1.6 vs ≥1.6), PLR (\<147 vs ≥147), serum SCC antigen level (\<1.5 vs ≥1.5 ng/mL), and IRB score (2--3 vs 0--1). Variables with a *P*-value of \<0.05 in the univariate analyses were included in a multivariate logistic regression analysis.

All statistical analyses were conducted using the JMP software for Windows, version 11. A *P*-value of \<0.05 was considered statistically significant.

Results
=======

Relationships between the LMR, NLR, and PLR, and patients' clinicopathological features
---------------------------------------------------------------------------------------

Relationships between the LMR, NLR, and PLR, and the clinicopathological features of 147 consecutive patients with esophageal SCC are presented in [Table 1](#t1-ott-10-363){ref-type="table"}. The LMR was significantly correlated with lymphocyte count (*P*\<0.001), monocyte count (*P*\<0.001), tumor size (*P*\<0.05), tumor depth (*P*\<0.001), and pathological TNM stage (*P*\<0.001). The NLR was significantly correlated with WBC (*P*\<0.05), neutrophil count (*P*\<0.001), lymphocyte count (*P*\<0.001), and tumor depth (*P*\<0.01). The PLR was significantly correlated with lymphocyte count (*P*\<0.001), platelet count (*P*\<0.001), and tumor location (*P*\<0.05). It is notable that the LMR, but not the NLR or PLR, was significantly correlated with a more advanced pathological TNM stage.

Relationships between the IRB score and patients' clinicopathological features
------------------------------------------------------------------------------

Relationships between the IRB score and the clinicopathological features of 147 consecutive patients with esophageal SCC are presented in [Table 2](#t2-ott-10-363){ref-type="table"}. Given that the number of patients with an IRB score of 0 was small, we compared patients with an IRB score of 0--1 with those with an IRB score of 2--3.

The IRB score was significantly correlated with age (*P*\<0.05), lymphocyte count (*P*\<0.001), monocyte count (*P*\<0.01), platelet count (*P*\<0.01), tumor depth (*P*\<0.05), tumor location (*P*\<0.01), LMR (*P*\<0.001), NLR (*P*\<0.001), and PLR (*P*\<0.001). Conversely, however, there was no significant association between the IRB score and the pathological TNM stage.

Prognostic factors for CSS in patients with esophageal SCC
----------------------------------------------------------

From the univariate analysis, pathological TNM stage (*P*\<0.001), tumor size (*P*\<0.01), operation time (*P*\<0.05), a low LMR (*P*\<0.001), a high PLR (*P*\<0.05), and an IRB score of 2--3 (*P*\<0.001) were identified as significant risk factors for CSS ([Table 3](#t3-ott-10-363){ref-type="table"}). Pathological TNM stage (hazard ratio: 4.449, 95% confidence interval: 2.289--9.044; *P*\<0.001) and an IRB score of 2--3 (hazard ratio: 6.023, 95% confidence interval: 1.675--13.078; *P*\<0.01) were confirmed as independent poor prognostic factors in the multivariate logistic regression analysis ([Table 3](#t3-ott-10-363){ref-type="table"}).

Postoperative CSS according to the LMR, NLR, and PLR in patients with esophageal cancer
---------------------------------------------------------------------------------------

Patients with a low vs high LMR (*P*\<0.001; [Figure 1A](#f1-ott-10-363){ref-type="fig"}) or a high vs low PLR (*P*\<0.05; [Figure 1B](#f1-ott-10-363){ref-type="fig"}) were associated with a significantly poorer CSS rate. Conversely, patients with a low vs high NLR have a slight tendency to be poor prognosis, but no significant differences in CSS rates were observed (*P*=0.321; [Figure 1C](#f1-ott-10-363){ref-type="fig"}).

Postoperative CSS according to the IRB score in patients with esophageal cancer
-------------------------------------------------------------------------------

The 5-year CSS rates were 37.8%, 67.8%, and 72.5% for patients with IRB scores of 0--1, 2, and 3, respectively ([Figure 2](#f2-ott-10-363){ref-type="fig"}). As determined by Kaplan--Meier analysis and the log-rank test, these differences were statistically significant (*P*\<0.0001).

Discussion
==========

Interest in the host SIR has developed in recent years, owing to its ability to promote angiogenesis, DNA damage-related cancer development, and tumor progression and metastasis by upregulating the expression of proinflammatory cytokines.[@b13-ott-10-363],[@b14-ott-10-363] Accumulating evidence suggests that host immune responses are important prognostic indicators, and several inflammation-based postoperative prognostic scoring systems have been described.[@b15-ott-10-363] Cancer-related inflammation suppresses antitumor immunity through the recruitment of regulatory T cells and the activation of chemokines that result in tumor progression and metastasis.[@b16-ott-10-363]

In the past decade, a number of studies have confirmed the clinical utility of systemic inflammation-based prognostic scores for predicting postoperative survival in patients with various types of solid tumors.[@b15-ott-10-363]--[@b17-ott-10-363] Although the LMR, NLR, and PLR can predict the prognosis of patients with various types of cancer, their prognostic value and the optimal cutoff points in patients with esophageal cancer remain to be determined.[@b7-ott-10-363],[@b10-ott-10-363],[@b18-ott-10-363] In this study, we generated receiver operating characteristic curves to determine the optimal cutoff values for predicting CSS in patients with esophageal cancer. These were 4.0, 1.6, and 147 for the LMR, NLR, and PLR, respectively. We also evaluated the prognostic significance of the IRB score that incorporated all three ratios in patients with esophageal SCC. These patients did not receive any neoadjuvant or adjuvant therapy, because systemic chemotherapy and radiation therapy may affect systemic inflammation.

In this study, we evaluated the relationships between the LMR, NLR, PLR, and IRB score and various clinicopathological features in patients with esophageal SCC. Univariate analyses identified SIR-related characteristics (eg, the LMR, PLR, and IRB score) and tumor-related characteristics (eg, pathological TNM stage and tumor size) as significant risk factors for CSS. A multivariate logistic regression analysis subsequently confirmed the IRB score and pathological TNM stage as independent poor prognostic factors in these patients. Moreover, Kaplan--Meier analysis using the log-rank test revealed that patients with a preoperative IRB score of 0--1 had a significantly poorer prognosis compared to patients with a preoperative IRB score of 2 and 3 (*P*\<0.0001). Remarkably, the IRB score was unrelated to the levels of classical tumor markers, such as SCC antigen, tumor size, lymph node metastasis, pathological TNM stage, and other tumor characteristics. The levels of conventional tumor markers are not elevated in many patients with esophageal cancer, not even in advanced cases. Therefore, the IRB score could represent an excellent biomarker for the postoperative surveillance of these patients.

Interleukin-6 (IL-6) is a multifunctional inflammatory cytokine that triggers the proliferation and differentiation of a variety of cell types, including immune competent cells and hematopoietic cells. IL-6 induces not only neutrophil proliferation but also the differentiation of megakaryocytes to platelets, and these events are similar to those underlying the SIR.[@b19-ott-10-363],[@b20-ott-10-363] Theoretically, dynamic changes in the SIR arising from tumor--host interactions are best determined by directly measuring serum IL-6 levels. However, routine assessment of IL-6 levels in cancer patients in a clinical setting is both expensive and inconvenient. The LMR, NLR, and PLR, on the other hand, are based on blood cell components whose levels are regulated by cytokines, most notably IL-6. These blood cell components proliferate and differentiate immediately after inflammatory cytokine release.[@b21-ott-10-363] Moreover, the measurement of the LMR, NLR, and PLR is easy, convenient, and cost-effective and, therefore, can be performed routinely. Hence, we assessed the ability of the IRB score to predict the SIR, because IRB score was a novel prognostic system based on the IRBs' score system that calculates the LMR, NLR, and PLR. Our results demonstrate that the IRB score can predict the SIR as accurately as existing tumor markers and is useful for determining long-term survival outcomes in patients with esophageal cancer.

The limitations of our study include its retrospective, single-institution design, the small sample sizes, and short follow-up durations. We did not observe any changes in terms of IRB score and prognostic features with respect to gender difference in the patients with esophageal SCC, because the total number of female patients was small. In addition, we excluded patients who had received adjuvant chemotherapy and/or radiation therapy. Thus, large prospective randomized controlled trials are needed to confirm our preliminary findings. However, despite these limitations, our study has demonstrated that the preoperative IRB score is a potentially promising independent prognostic factor for CSS in patients undergoing curative resection for esophageal SCC. The IRB score is easy and inexpensive to derive and could facilitate the risk stratification and treatment planning of patients with esophageal cancer undergoing curative thoracoscopic esophagectomy. Further investigation should clarify the relationship with the cytokines, classical tumor marker, and IRB score. In addition, larger prospective studies are still required to elucidate the precise mechanisms that relate IRB score with survival in patients with esophageal cancer. Furthermore, it is important to identify patients who are most at risk of developing postoperative recurrence, which enables us to customize management strategies for individual patients according to the risk of recurrence.
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###### 

Relationships between the LMR, NLR, and PLR, and clinicopathological features of 147 consecutive patients with esophageal SSC

  Characteristics                  Total patients   LMR               NLR               PLR                                                                                           
  -------------------------------- ---------------- ----------------- ----------------- ---------- ----------------- ----------------- ---------- ----------------- ----------------- ----------
  Age (years)                                       65.8±7.4          65.7±8.2          0.934      65.4±8.0          65.9±7.9          0.72       66.8±8.1          64.6±7.6          0.097
  Gender                                                                                0.052                                          0.163                                          0.562
   Male                            132              61                71                           31                101                          72                60                
   Female                          15               3                 12                           6                 9                            7                 8                 
  WBC                                               6,082.2±2,153.2   5,844.3±1,788.2   0.466      5,284.1±1,667.3   6,171.2±1,996.5   0.016      6,190.9±1,723.0   5,665.6±2,167.2   0.104
   Neutrophil                                       3,944.7±1,804.6   3,412.8±1,470.4   0.051      2,491.0±948.3     4,032.3±1,643.7   \<0.0001   3,509.3±1,300.5   3,801.3±1,960.9   0.283
   Lymphocyte                                       1,322.0±546.4     1,942.5±584.5     \<0.0001   2,187.6±658.6     1,499.0±541.8     \<0.0001   2,029.2±586.3     1,257.7±426.2     \<0.0001
   Monocyte                                         546.8±211.3       328.7±111.1       \<0.0001   379.0±161.3       438.7±203.3       0.1074     418.2±171.3       430.0±220.2       0.714
  Platelet                                          236.6±79.2        226.9±66.2        0.42       231.0±76.9        231.2±70.7        0.987      203.5±49.2        263.2±80.9        \<0.0001
  Location of tumor                                                                     0.09                                           0.313                                          0.042
   Ce                              6                5                 1                            1                 5                            0                 6                 
   Ut                              8                4                 4                            0                 8                            5                 3                 
   Mt                              65               29                36                           20                45                           32                33                
   Lt                              52               23                29                           11                41                           31                21                
   Ae                              16               3                 13                           5                 11                           11                5                 
  Tumor size (mm)                                   4.9±1.9           3.9±2.7           0.014      3.8±2.8           4.5±2.3           0.134      4.0±2.5           4.8±2.3           0.056
  Depth of tumor invasion                                                               0.0007                                         0.002                                          0.06
   T1a--1b                         66               20                46                           18                48                           40                26                
   T2                              12               2                 10                           8                 4                            9                 3                 
   T3                              56               33                23                           8                 48                           26                30                
   T4a--4b                         13               9                 4                            3                 10                           4                 9                 
  Lymph node metastasis                                                                 0.2732                                         0.1532                                         0.0639
   N0                              79               30                49                           22                57                           43                36                
   N1                              42               19                23                           12                30                           25                17                
   N2                              12               8                 4                            3                 9                            8                 4                 
   N3                              14               7                 7                            0                 14                           3                 11                
  Pathological stage                                                                    0.0002                                         0.1338                                         0.3497
   1a--1b                          59               14                45                           20                39                           36                23                
   2a--2b                          33               21                12                           6                 27                           16                17                
   3a--3c                          55               29                26                           11                44                           27                28                
  Operation time (min)                              644.8±162.2       663.5±159.2       0.4843     655.9±177.2       655.2±155.0       0.9798     676.5±149.0       630.8±170.2       0.0845
  Intraoperative blood loss (mL)                    751.8±622.8       581.6±633.4       0.1059     568.8±511.1       684.9±667.8       0.3359     598.5±633.1       722.2±629.7       0.2384
  SCC antigen                                       1.19±1.06         1.12±1.12         0.7208     1.04±1.12         1.19±1.08         0.7643     1.05±0.91         1.27±1.26         0.8858

**Note:** Data presented as mean ± SD, number, or *P*-value.

**Abbreviations:** Ae, abdominal esophagus; Ce, cervical esophagus; LMR, lymphocyte-to-monocyte ratio; Lt, lower thoracic esophagus; Mt, middle thoracic esophagus; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SCC, squamous cell carcinoma; Ut, upper thoracic esophagus; WBC, white blood cell.

###### 

Relationships between the IRB score and clinicopathological features of 147 consecutive patients with esophageal SCC

  Characteristics                  Total patients   IRB score         *P*-value                           
  -------------------------------- ---------------- ----------------- ----------------- ----------------- ----------
  Age (years)                                       65.6±7.4          64.2±7.9          68.9±8.0          0.0202
  Gender                                                                                                  0.9305
   Male                            132              47                55                30                
   Female                          15               5                 7                 3                 
  WBC                                               5,611.5±2,218.8   6,067.7±1,788.6   6,252.7±1,770.0   0.2767
   Neutrophil                                       3,650.2±1,958.8   3,532.1±1,542.5   3,846.1±1,246.5   0.6765
   Lymphocyte                                       1,241.3±539.1     1,901.2±619.1     1,921.6±486.5     \<0.0001
   Monocyte                                         488.9±236.3       417.9±169.4       331.8±117.5       0.0011
  Platelet                                          256.8±80.5        223.2±70.4        205.7±45.5        0.0028
  Location of tumor                                                                                       0.0059
   Ce                              6                6                 0                 0                 
   Ut                              8                2                 3                 3                 
   Mt                              65               27                27                11                
   Lt                              52               16                21                15                
   Ae                              16               1                 11                4                 
  Tumor size (mm)                                   4.9±2.1           4.0±2.6           4.0±2.5           0.0824
  Depth of tumor invasion                                                                                 0.0488
   T1a--1b                         66               16                31                19                
   2                               12               3                 7                 2                 
   3                               56               26                18                12                
   4a--4b                          13               7                 6                 0                 
  Lymph node metastasis                                                                                   0.5705
   N0                              79               27                33                19                
   N1                              42               15                17                10                
   N2                              12               3                 8                 1                 
   N3                              14               7                 4                 3                 
  Pathological stage                                                                                      0.2646
   1a--1b                          59               15                27                17                
   2a--2b                          33               15                13                5                 
   3a--3c                          55               22                22                11                
  Operation time (min)                              632.8±178.5       653.3±150.4       694.8±144.1       0.2201
  Intraoperative blood loss (mL)                    752.3±582.9       616.7±642.4       576.7±687.0       0.3768
  SCC antigen                                       1.21±1.10         1.17±1.27         1.03±0.61         0.7438
  LMR                                                                                                     \<0.0001
   \<4                             64               45                19                0                 
   ≥4                              83               7                 43                33                
  NLR                                                                                                     0.0002
   \<1.6                           37               13                24                0                 
   ≥1.6                            110              39                38                33                
  PLR                                                                                                     \<0.0001
   \<147                           79               3                 43                33                
   ≥147                            68               49                19                0                 

**Note:** Data presented as mean ± SD, number, or *P*-value.

**Abbreviations:** Ae, abdominal esophagus; Ce, cervical esophagus; IRB, inflammatory response biomarker; LMR, lymphocyte-to-monocyte ratio; Lt, lower thoracic esophagus; Mt, middle thoracic esophagus; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SCC, squamous cell carcinoma; Ut, upper thoracic esophagus; WBC, white blood cell.

###### 

Prognostic factors for cancer-specific survival in 147 consecutive patients with esophageal SCC

  -----------------------------------------------------------------------------------------------------------------------------------------------
  Variables                   Patients\   Category or characteristics   Univariate   Multivariate                                      
                              (n=147)                                                                                                  
  --------------------------- ----------- ----------------------------- ------------ -------------- ---------- ------- --------------- ----------
  Gender                      15/132      Female/male                   0.942        0.406--2.740   0.9007                             

  Age                         46/101      \<70/≥70                      1.427        0.742--2.639   0.2771                             

  Pathological stage          92/55       1, 2/3                        4.876        2.625--9.420   \<0.0001   4.449   2.289--9.044    \<0.0001

  Tumor size                  45/102      \<3/≥3                        3.405        1.548--8.981   0.0014     1.579   0.638--4.487    0.3356

  Operation time              99/48       \<600/≥600                    2.041        1.116--3.741   0.0209     1.312   0.695--2.477    0.4004

  Intraoperative blood loss   72/75       \<500/≥500                    1.321        0.723--2.463   0.3663                             

  LMR                         83/64       ≥4.0/\<4.0                    2.829        1.537--5.378   0.0008     1.072   0.392--3.066    0.8945

  NLR                         37/110      ≥1.6/\<1.6                    1.469        0.753--2.734   0.2494                             

  PLR                         79/68       \<147/≥147                    2.013        1.100--3.783   0.0232     2.126   0.804--5.499    0.1286

  SCC                         109/38      \<1.5/≥1.5                    1.3          0.603--2.564   0.4842                             

  IRB score                   95/52       2, 3/0, 1                     3.711        2.024--6.984   \<0.0001   6.023   1.675--13.078   0.0055
  -----------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** CI, confidence interval; HR, hazard ratio; IRB, inflammatory response biomarker; LMR, lymphocyte-to-monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SCC, squamous cell carcinoma.
